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We present a systematic analysis of two-pion interferometry for the central Au+Au collisions at√
SNN = 3, 5, 7, 11, 17, 27, 39, 62, 130 and 200 GeV/c with the help of a multiphase transport
(AMPT) model. Emission source-size radius parameters Rlong, Rout, Rside and the chaotic parame-
ter λ are extracted and compared with the experimental data. Transverse momentum and azimuthal
angle dependencies of the HBT radii are also discussed for central Au+Au collisions at 200 GeV/c.
The results show that the HBT radii in central collisions do not change much above 7 GeV/c. For
central collisions at 200GeV/c, the radii decrease with the increasing of transverse momentum pT
but not sensitive to the azimuthal angle. These results provide a theoretical reference for the energy
scan program of the RHIC-STAR experiment.
PACS numbers: 25.75.Gz, 25.75.Nq
Quantum Chromodynamics (QCD) is a basic gauge
field theory to describe strong interactions. Lattice QCD
calculations predicted a phase transition from hadronic
matter to a deconfined, locally thermalized Quark-Gluon
Plasma (QGP) state at high temperature and small net-
baryon density. The Relativistic Heavy Ion Collider
(RHIC) in Brookhaven National Laboratory is believed
to reach sufficiently high energy densities and temper-
atures for the formation of QGP [1], and many experi-
mental probes have demonstrated a strong-coupling QGP
has been formed at RHIC for Au + Au collisions. After
the system reaches to a hot-dense QGP state for short
times, the system finally experiences a hadronization to
form various hadrons. In hadronic stage, the system en-
ters chemical freeze-out stage first and finally comes to
the kinetic freeze-out stage. The space-time evolution of
hadronic stage can be explored by the hadron-hadronmo-
mentum correlation function, i.e. intensity interferome-
try technique [2]. Hanbury Brown-Twiss (HBT) inter-
ferometry of two identical pion correlations in Au + Au
collisions have been measured at
√
sNN = 130 GeV/c [3]
and 200 GeV/c [4, 5] at RHIC. Recently energy and sys-
tem size dependence of HBT correlation of pions are also
reported by RHIC-STAR [6]. In addition, ALICE collab-
oration reported on the first measurement of HBT radii
for Pb + Pb collisions at
√
sNN = 2.76 TeV/c at Large
Hadron Collider (LHC) [7]. These experimental results
invoke some theoretical works. Hydrodynamic model can
describe reasonably well the momentum-space structure
of the emitting source and elliptic flow [8]. However, the
source information from HBT correlations which was ex-
tracted by hydrodynamic model [8, 9] failed to describe
experimental results, i.e. called ”HBT puzzle”. AMPT
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model can also present the HBT correlations for two pi-
ons [10] and for two kaons [11]. The ”HBT puzzle” was
also discussed in the ultrarelativistic quantum molecular
dynamics (UrQMD) model [12] and by this model the two
pion HBT correlation in Pb + Pb collisions at
√
sNN =
2.76 TeV was reported in Ref. [13].
On the other hand, the Beam Energy Scan (BES) pro-
gram at RHIC was launched with the specific aim to ex-
plore the QCD phase diagram. Particular emphasis was
given to the search for phase boundary and the location
of the critical point [14]. The QCD phase diagram can be
accessed by varying temperature T and baryonic chemi-
cal potential µB , which can be achieved by varying the
colliding beam energy experimentally. Motivated by the
importance of the hadron-hadron momentum correlation
technique as well as BES program, here we present a mul-
tiphase model [15] simulation for the pion interferometry
in central Au + Au collisions at different relativistic en-
ergies in this paper.
The AMPT model includes four main components: the
initial conditions, scatterings among partons, conversion
from the partonic to the hadronic matter, and hadronic
interactions. The initial conditions, which contain the
spatial and momentum distributions of minijet partons
and soft string excitations, are obtained from the HIJING
model [16–19]. Partonic interactions are modeled by
ZPC [20], which at present includes only two-body scat-
terings. The AMPT model has two versions. One is the
default AMPT model [10, 21–26], where partons are re-
combined with their parent strings when they stop inter-
acting, and the resulting strings are converted to hadrons
using the Lund string fragmentation model [11, 27, 28].
The other is the AMPT model with string melting [29–
31], where a quark coalescence model is used instead to
combine partons into hadrons. The dynamics of the sub-
sequent hadronic matter is described by the A Relativis-
tic Transport (ART) model [24, 25] and extended to in-
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clude additional reaction channels which are very impor-
tant at high energies. In the present work we use the
AMPT version with the string melting scenario.
Hanbury Brown-Twiss interferometry of two identi-
cal pions can directly access the space-time structure
of the emitting source formed in heavy-ion collisions,
providing a probe of the system evolution dynamics.
To measure multi-dimension source sizes, relative mo-
mentum (k) is decomposed into standard side-out-long
axis [32]: where klong(kl) represents for a component par-
allel to the beam-axis, kout(ko) for the one parallel to the
transverse momentum of the pair (KT = (p + q)/2),
and kside(ks) for the one orthogonal to both klong and
kout [33]. The “HBT puzzle” from hydrodynamical mod-
els might arise because the combination of several effects:
mainly prethermalized acceleration, using a stiffer equa-
tion of state, and adding viscosity as claimed in Ref. [34].
Knowledge or reasonable assumption of duration and
freeze-out shape of source can improve to understand the
”HBT puzzle”, which need more works in both experi-
ments and theories.
The two-boson correlation function is given by
C2(p,q) − 1 =
∫
d4xS(x,K)
∫
d4yS(y,K)exp(2ik · (x− y))∫
d4xS(x,p)
∫
d4xS(y,q)
(1)
≈
∫
d4xS(x,K)
∫
d4yS(y,K)exp(2ik · (x− y))
|∫ d4xS(x,K)|2 (2)
where K = (p + q)/2 and k = (p − q)/2. We calculate
the correlation parameters by performing a χ2 fit of the
three-dimensional correlation function C2(ko, ks, kl) to a
Gaussian [35] as,
C2(ko, ks, kl) = 1 + λexp(−k2oR2o − k2sR2s − k2l R2l ). (3)
Here, λ is often referred to as an incoherence factor [2].
The parameter λ can represent the correlation strength.
Theoretically it can be less than unity due to partial co-
herence of strong interaction, long-lived resonance de-
cays and the non-Gaussian form of the correlation func-
tion [2, 4].
The correlation functions are calculated from the phase
space distributions of pions at freeze-out using the CRAB
(the CoRrelation After Burner) [36]. Given a model for
a chaotic source described by S(x,K), such as the trans-
port model described above, Eq. 3 [37] can be employed
to compute the correlation function.
Here we present results of a systematic study of two-
pion interferometry in central Au+Au collisions. As pion
is one of the main production particles in relativistic
nucleus-nucleus collisions, we use pi+ and pi+ as corre-
lation particles. In this calculation, we use the similar
event selection method in experiment [4] for centrality
cuts, where the centrality was characterized according
to the multiplicity of charged hadrons. In transport
model, Glauber model [38] is always employed to cal-
culate the number of participants to define centrality,
which is discussed in detail in our previous work [39].
The kinetic variable of pseudorapidity (η = 1
2
ln
(
|p|+pz
|p|−pz
)
,
p = (px, py, pz)) is limited to (-1,1) for investigating mid-
pseudorapidity physics. With no special statement, we
selected the collision centrality of 0 to 10% and pseudo-
rapidity region of |η| < 1. Figure 1 shows the two pions
(pi+ + pi+) HBT correlation functions in three-dimension
for 0-10% centrality Au + Au collisions at 200 GeV/c
in the AMPT model with the help of CRAB. And the
correlation functions are fitted by Eq. 3 for the three-
dimension. It presents nice quality of the fitting in the al-
gorithm of CRAB and Eq. 3 based on a Gaussian ansatz.
Figure 2 shows the HBT radii, the chaotic parameter
λ and the ratio Ro/Rs from the AMPT model and their
comparisons with the experimental results. The chaotic
parameter and the ratio from the AMPT model are con-
sistent with the experimental results [3, 4, 40–47], but
the HBT radii from the AMPT model seems larger than
those from the experimental results. Moreover, the radii
do not show much dependence on the beam energy from
7 GeV to 200 GeV.
Figure 3 shows azimuthal angle dependence of HBT
radii in 0-10% centrality at 200 GeV/c with the AMPT
model. Ro, Rs and Rl are not so sensitive to the az-
imuthal angle φ. Considering that we only select 0-10%
centrality, it is reasonable not to see a strong dependence
on φ. These results are consistent with those from STAR
for the same system [4].
Figure 4 shows the KT dependence of the HBT radii
for 0-10% centrality by the AMPT model, and 0-5%, 5%-
10% centrality for STAR results at
√
SNN=200 GeV. It
can be seen from Figure 4 that the HBT radii and the
ratio from AMPT model decrease with the increasing of
transverse momentum and the ratio Ro/Rs is around 1.0-
1.2. Qualitatively speaking, high transverse momentum
mesons are ejected from the emission source earlier, while
the low transverse momentum meson emits lately, there-
fore we can see the expansion of the emission source by
2
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FIG. 1: (Color online) The two pions HBT correlation function for
0-10% centrality Au + Au collisions at 200 GeV/c in the AMPT
model fitted by Eq. 3.
the KT dependence of HBT radii.
In conclusion, we calculated pi++ pi+ correlation func-
tion and extract the emission radius parameters for cen-
tral Au+Au collisions in wide RHIC energies. It shows
that the chaotic parameter and the ratio Ro/Rs from
the AMPT model are consistent with the experimental
data, but the HBT radii from the AMPTmodel are larger
than experimental results. We also present an analysis
of the transverse momentum and azimuthal angle depen-
dencies of the HBT radii in central Au+Au collisions at
200 GeV/c. The results show that HBT radii are not sen-
sitive to the azimuthal angle and it decreases with the
increasing of transverse momentum pT in central colli-
sions.
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FIG. 2: (Color online) Energy dependence of HBT parame-
ters for central Au+Au, Pb+Pb, and Pb+Au collisions at mid-
pseudorapidity and < kT >≈ 0.2GeV/c form AGS, SPS, RHIC
and AMPT model [3, 4, 40–47]. Error bars on NA44, NA49, PHO-
BOS, CERES and STAR results at
√
SNN = 130 GeV/c and 200
GeV/c include statistical and systematic uncertainties; error bars
on other results are statistical only.
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